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APPLICATION BULLETIN MC-214 
STEPPING MOTOR CONTROL 
MODULE SET 
Part No. 29G01-21-41 


GENERAL DESCRIPTION OF MODULES 

The Sigma Stepping Motor Control Chip Set consists of three separate MSI integrated cir- 
cuits which may be used in a variety of ways to provide low-power signals for the control or 
actuation of stepping motor drive systems. The set is designed specifically to p:. vide a com- 
pact hardware alternative to those control functions which require extensive hardware or soft- 
ware to duplicate. Further, those functions which often require adjustment, frequency and 
ramp slope, are performed in the analog domain to facilitate adjustment without reprogram- 
ming. 

The circuits are constructed using bi-polar and CMOS circuitry, utilizing both linear and 
digital techniques. The set is designed to operate from a single 8-to-15 volt power supply. The 
input signals are typical logic levels, whereas most output signals are open-drain active circuits 
for maximum noise immunity. 

Functionally, two circuits, the RCO and RCL chips, form a “buffered ramper” which pro- 
vides a variable frequency pulse train to control the acceleration of a stepping motor from a 
fixed frequency burst of pulses. Pulses “‘lost’’ during acceleration are “‘recovered”’ during 
deceleration. Thus, smooth motor response is assured while the number of pulses is preserved. 

Used alone, the RCO voltage-controlled oscillator and ramp generator can be used in a 
number of ways to generate fixed or variable frequency pulse trains, including ramped fre- 
quency trains for speed control applications. 

The third circuit, the DML chip, accepts a pulse train and decodes it to stepping motor 
excitation formats: 2-3-4 phase, half-step, full-step, as well as providing for specialized damp- 
ing schemes. This circuit is designed to be the heart of a motor winding power driver. 


The three circuits of the set are categorized functionally as follows: 


A. RCL Ramp Control Logic Circuit 
The Ramp Control Logic IC is normally used in conjuction with the RCO circuit. The 
two circuits provide a method of providing a variable frequency pulse train to control the 
acceleration and deceleration of a stepping motor from a fixed frequency burst of pulses. 
The output of these chips can drive the DML Motor Logic IC or most any other stepping 
motor driver. The two IC’s form a “Buffered Ramper’. A buffered ramper accepts a con- 
stant high frequency pulse train and delivers a variable frequency output with preset accel- 

eration and deceleration profiles. 


B. RCO Ramp Control Oscillator 
This linear bi-polar IC contains a precision VCO for V-to-F conversions, as well as highly 
stable, precision current sources for charging an external capacitor to generate stable sym- 
metrical voltage ramps. These voltage ramps are used to generate ramped frequency out- 
puts from the VCO section. This IC can be used in a number of ways in conjunction with 
stepping motors: 


1. Phase-locked loop Buffered Ramper when used with the RCL IC. 

2. VCO in phase-locked loop when used with other three-state phase detectors such as 
the Motorola MC 4046. 

3. Fixed or variable frequency source for simple speed control. 
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4. Ramped frequency source for speed control from external contro! logic. 
5. Parabolic response V-to-F converter (F=KV2) for wide range frequency conirol, with 
or without ramping. 


C. DML Motor Logic Circuit 

This CMOS logic IC accepts a pulse train input and decodes it into a selectable, parailel 
output stepping motor phase excitation format. The IC is intended to be the heart of a 
motor driver, generating the output states required at Logic Power levels. Sufficient flexi- 
bility is present in the IC to fit most data input and output formats. The input can be 
either dual pulse trains, CW or CCW, or a pulse line and a direction line. The phase out- 
puts can be two, three, or four phase in either the full-step or half-step sequences. In addi- 
tion, the outputs can be in wave or overlapping sequences. Further, the phase outputs can 


be selectively disabled for either standby power reduction or damping. There are separate 
connections for a Reverse Pulse Damping input, and an Initial Reset input. 
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il. DESCRIPTION OF RCL CHIP: SIGMA PART NO. 29G01 


A. General Description 
@ The RCL Ramp Control Logic chip isa CMOS LSI circuit designed to operate in conjunc- 
tion with the RCO IC to form a buffered ramper. This pair will accept a high speed, fixed 
frequency pulse train of length ““N” and deliver a variable frequency pulse train of the 
same length with the acceleration and deceleration profiles required to operate stepping 
motor drive systems. The functional block diagram is shown in Figure 2.1. 

The circuitry is housed in a 24-pin ceramic dual in-line package (Fig. 2.2). Although de- 
sign« for 12 volts, it operates from a single positive 8-to-15 volt supply. The input lines 
are diode protected and internally terminated with pull-up loads to inter-connect with 
open collector signal sources. The outputs are low level totem pole drivers except for the 
phase comparator output. The phase comparator has a three state output designed espe- 
cially to drive the RCO IC. 

The circuit elements are CMOS gates and as such should be handled with the usual 
precautions and care reserved for CMOS circuits. 


B. Detailed Description of Buffered Rampers 
The Ramp Control Logic circuit, (RCL), is specifically designed to be used in conjunc- 
tion with the Ramp Control Oscillator circuit, (RCO), to form a Buffered Ramper. As illus- 
trated in Figures 2.3 and 2.4, there are two different cases of interest: Long-Pulse trains 
and Short-Pulse trains. In this discussion, a “Long” pulse train is defined as one which 
continues after the motor has accelerated fully to the maximum speed as shown in Fig. 
2.3. A “Short” pulse train, Fig. 2.4, ends before the motor has reached final speed. 
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Fig. 2.2 Mechanical Outline Drawing for RCL Chip 
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Fig. 2.3 Idealized Buffered Ramper Response to a Long Pulse Train 
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Fig. 2.4 Idealized Buffered Ramper Response to a Short Pulse Train 


1. Short Pulse Trains 

The Sigma RCL module contains specialized circuitry’ which makes it particularly 
useful with short-pulse trains. In Fig. 2.4 the termination of the input pulse train does 
not cause the output frequency to decrease immediately as it does in the case of long- 
pulse trains, Fig. 2.3. The logic causes the output frequency to continue to increase 
until one-half of the number of input pulses has been delivered to the output. At this 
time, the output frequency is then caused to decrease. When the remaining half of the 
pulses are delivered, the output ends. 

This response pattern assures the fastest response of the motor, considering an 
acceleration limit imposed by this system. 


2. Long Pulse Trains 
Referring to Fig. 2.3, the output frequency ramps up from some low frequency F,, 
determined by the RCO circuit to the input frequency, F,,,, in an acceleration period, 
T. When the output frequency reaches F,, the Ramp Control Logic causes the Ramp 
Control! Oscillator to phase lock on the input signal. As long as the input exists, the 
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output will be at F.. When the input pulse train ceases, the output will decrease 

toward zero, ending at F,,. 

During the acceleration period, T, the Ramp Control Logic stores the number of in- 
put pulses minus the number of output pulses. This number represents the number of 
pulses ““lost’’ during acceleration, and must be recovered during deceleration. Accord- 
ingly, after the input pulse train ends, the output frequency decreases until the Main 
Register, containing the number of “lost” pulses, is counted back down to zero. At 
this time the output ends. 

In Figures 2.3 and 2.4, the the input pulse train is shown at a constant frequency, F_. 

I Itis not a requirement nt that the i input be constant. The input frequency can change after 
phase lock is k is reached as long as the rate of chanc change i is within the bandwith of the phase 
locked loop, i.e., within the bandwidth of the motor. 

For short pulse trains, changes in F;,, only affect the register counts, not the output 
pulse train. For long pulse trains, the limits on input frequency changes are two-fold: 
a. After phase lock has been reached, the input must not change faster than the out- 

put can change, to avoid changes in the register counts. 

b. The input frequency at the end of the pulse train must be at the same frequency 
that was present at the time phase lock was reached. Otherwise, the ramp down 
will not be symmetrical to the ramp up. 

The register count must not exceed 16,000* counts during acceleration, as 
described in the next section. 








3. Number of Input Pulses Stored 
During acceleration, the number of input pulses not delivered to the output are 
stored in a counter with a capacity of 16,383 pulses (2'*- 1). In order to determine 
the storage capacity required, three cases must be considered. For simplicity, the input 
& pulse train is assumed to be at aconstant frequency, although it is not an exact require- 
ment, as described previously. 


a. Very Short Pulse Trains 
In this case the input pulse train is complete before the output pulse train has 
accelerated above F,. As shown in Fig. 2.4, if the input pulse train terminates 
before t,, the output frequency is constant at Fp: Hence: 
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Thus, for large differences between F,, and F,, the number of pulses stored 
approaches N;,,. Therefore, N;, cannot exceed the register capacity of 16,000°. 


In most systems, this limit will not even be approached. 


b. Short Pulse Trains 
In this case, the input pulse train terminates before phase lock with the input 
occurs, but after the output frequency has started to increase, Fig. 2.4. Hence: 
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c. Long Pulse Trains 
In this case, the input pulse train is sufficiently long so that phase lock between 
the input pulse train and the VCO output is achieved. Thus: 


Number of Input Pulses = Nin Number of Output Pulses = 2, No 
Nin = mT 


Nreg = Nj- diNo 
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Again, Nreg must not exceed 16,0007, otherwise, data will be lost. 


C. Detail RCL Circuit Operation 


1. General: 

Referring to the Block Diagram in Fig. 2.1, and the Connection Diagram in 
Fig. 2.5, the input pulse train is applied to pin 12 of the RCL IC. The input pulses 
should be positive going, with a width of at least 15 microseconds. At the output, 
the motor step is considered to occur on the trailing positive-to-negative transition. 
The frequency of the input pulse train must be equal to that required to produce 
the desired maximum motor speed. Since the VCO in the RCO chip will phase-lock 
to the input, the output of the buffered ramper will be equal to the input after 
acceleration is complete. 


2. Logic Operation — Short Pulse Trains 
The operation of the RCL circuit for short pulse trains is as follows. As soon as 
the first input pulse is received, these events occur: 
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Fig. 2.5 Connection Diagram for Buffered Ramper 


a. The RCL output line is enabled, pin 22. 


b. The phase comparator output, pin 9, switches to logic 1 state, causing the 


RCO circuit to start a positive going ramp. 


c. The Register Busy open-drain line, pin 18, releases the clamp on the oscillator 


capacitor, allowing the VCO to run. 


d. The buffered Register Busy flag is set, putting a logic 0 on pin 20. 


The RCO oscillator section output is applied to pin 23 of the RCL IC, and passes 
through to the output at pin 22. As the ramp voltage increases, the VCO output 


frequency increases. 


There are two up-down counters used to keep track of the difference between 
the number of input and output pulses. The Main Register counts up on receipt of 
an input pulse, and counts down on an output pulse, storing the difference between 
the input pulses received and the output pulses delivered. The Auxiliary Register 
counts up in response to the input pulse train divided by 2, and counts down in 
response to the output pulse train. Thus, the Auxiliary Register returns to zero 


when one half the input pulses have been delivered to the output. 


Accordingly, as shown in Fig. 2.6, as input pulses arrive, 14 in the example, 
the count in both registers increases. However, the Aux. Register reaches a maxi- 
mum, then decreases to zero when the 7th pulse (% the input number) appears at 
the output. It should be noted that even though the input pulse train ends, the out- 
put frequency continues to increase as long as the Auxiliary Register is not zero. 

When the Aux. Register count goes to zero, and phase-lock is not reached, the 
internal logic enables the phase comparator output and causes the ramp control 
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Fig. 2.6 Operation of Buffered Ramper for Short Pulse Trains 


output, pin 11, to generate a decreasing VCO output; i.e. deceleration of the 
motor. When the Main Register goes to zero, all input pulses have been delivered. 
At this time, the Register Busy outputs reappear, the output gate is disabled, and 
the circuitry awaits a new input pulse train, and of course, the motor stops. 

As described in the previous section, there is a limit of 2%4—1 counts in the 
main register, and 2'%— 1 in the Aux. Register. The last stage of each counter is 
available on output pins of the RCL IC. Pin 5 is the last Main Register stage and 
pin 4 is the last Aux. Register stage. If a logic 1-0 transition is detected while the 
registers are busy, then an overflow has occurred and an error condition exists. 


Logic Operation — Long Pulse Trains 

The operation of the circuit for long pulse trains is very similar to that for short 
pulse trains, as shown in Fig. 2.7. The only difference occurs when the Auxiliary 
Register count goes to zero, the output frequency is very close to the input fre- 
quency and phase lock is achieved. The Phase Lock logic condition maintains the 
VCO at the input frequency and ignores the Aux. Reg. data. At the end of the input 
pulse train, the Phase Lock condition disappears and the VCO is commanded to 
ramp down. When the Main Register count goes to zero, the cycle ends as before. 
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Fig. 2.7 Operation of Buffered Ramper for Long Pulse Trains 


D. Description of Input and Output Signals 
In the interest of circuit simplicity, especially when using open-collector input 
€ sources, all input lines are terminated internally with MOS pull-up current sources. 
These sources are generally sufficient to properly terminate an unused input requiring 
a logic 1 input. However, in those applications where unusually high noise may be 
encountered, termination of these lines to Vpp may result in higher noise immunity. 


Input Lines Pin No. — Description 


F-in 12 System input: constant frequency. Pulse train at the fre- 
quency corresponding to the maximum desired motor speed. 

VCO-in 23 Output from VCO section of RCO chip. 

C 19 Clear input. A logic 0 resets all storage registers. A capacitor 
to GND on this line produces automatic reset during a Power 
On sequence. 

OSC-R 7 Register R is part of frequency determining circuit for re- 


syncronizing oscillator. This oscillator frequency is not criti- 
cal but should be between 600 KHz and 1 MHz. 


OSC-RC 8 The junction of R, above, and a capacitor to GND. 


F-out 22 Output pulse train. Equal in number to the input train, but 
variable in frequency (ramped) to accommodate accelera- 
tion characteristics of stepping motors. Totem pole output 
circuit. 


& Reg. Busy 20 Logic 1 indicates registers are empty, awaiting a new input 
pulse burst. Output is buffered with totem pole output. 
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Input Lines Pin No. Description 

Reg. Busy 18 Same as pin 20 except has open drain buffer. Used to shunt 
down C,,,,,. to disable VCO while waiting for an input. 

RO 17 Reset output. Totem pole buffered signal identical to input 
on Pin 19. Used to reset motor driver, logic or DML Module. 

CO 11 Phase comparator output. Used to control Ramp Section 
of RCO Chip. Logic 1 is ramp down. Logic 0 is ramp up. 
Has floating intermediate state (tri-state output). 

PLD 9 Provides signal which indicates when phase-loop is in locked 
condition. Signal has an AC component and must be filtered. 

TP1 4 Totem pole buffered output from Aux. Register. Logic 1 
to O transition, (1), indicates register has been overfilled 
and an error condition exists. 

TP2 5 Totem pole buffered output from Main Register. A logic 1 


to 0 transition, (1), indicates register has been overfilled 
and an error condition exists. 


TECHNICAL DATA—RATINGS AND CHARACTERISTICS 




















“norma Storage Temperature Range  —40 to +125°C Supply Voltage Vp-p toGND ~——-:16..5V 
atings Operating Temperature Range 0 to +85°C Package Power Dissipation 400mw 
Characteristic Nominal Min. Max. Units 
sone ts 12 8 15 V + 10% 
Conditions Vop = 10V 0.5 Built-in pull-up loads 
at 25°C Supply Current Vop = 15V 1.0 mA Logic inputs at GND 
Input signal 0 to 0.2Vpp to — 0.5V to 
Voltage Range Vop 0.8Vpop Vpop + 0.5V V 7 
Input Pulse Train Fin set to freq. equivalent 
Frequency 30 KHz to max. desired speed of motor. 
Pulse width 15 us ‘a 
Reset Pulse width 5 us 
VCO Pulse Width 1.5 uS 
Freq. Re-Sync OSC 750 600 1000 KHz Depends on Ext. R-C value 
Characteristic Voo Conditions  _ Min. Nominal Max. Units Pins 
Static. Logic input 10 Inputs at 10 pA Fin 
Electrical = Current 15 _ Logic 0 (GND) 10 pA RC 
Conditions | ogic input 10 Inputs at 0.16 0.3 mA Fyco 
at 25°C Current 15 Logic 0 (GND) 0.35 0.5 
Logic input 10 Inputs at 8 15 BA C 
Current 15 Logic 0 (GND) 15 30 
Logic input Inputs at 10pA pA Fin, Fyco 
Current Logic 1 (Vpp) etc. 
Buffered 
Logic output 10 Vsat =0.5Y 10 mA Comp Out 
Current Sink rating 15 15 Four. Ro etc. 
Open Drain 
Busy output 10 Output Logic 0 1.0 mA 
Current Sink 15 Vsat = 0.59 1.5 
Open Drain Output at Logic 1 10 pA Vs = 20V Max. 
Busy Voltage Rating Vs = 20V 
Buffered 
Logic output 10 Vout = Vop — 1¥ 1.0 mA 
Current Source 15 1.5 
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111. DESCRIPTION OF RCO CHIP: SIGMA PART NO. 29G21 


A, General Description 
The RCO Ramp Control Oscillator Chip is an integrated bi-polar analog circuit designed 


to be used as a variable frequency pulse source for stepping motor drive systems. Although 
designed primarily for use in conjuction with the RCL ramper logic Chip, the device can 
be used to provide accurate and stable linear and parabolic V-F conversions, stable phase- 
locked loops, as well as linear frequency ramps. The device is particularly well suited to 
generate controlled acceleration and deceleration profiles for stepping motors. The cir- 
cuitry is housed in an 18-pin ceramic dual in-line package (DIP) as shown in Fig. 3.2. It 
operates from a single 8-to-15 volt positive power supply, requiring less than 2 mA. 

Referring to the Block Diagram of Fig. 3.1, the RCO module consists of four minor 
and two major circuits: 

a) Temperature compensating Bias source. 

b) Temperature compensated zener voltage source. 





ae z z 

s z 3 3 uw 

< — _ N A 

2 £ nf E ES ES S ew 5 
2 e ¢ a die) = S O 7 
18) 16 | 14) ee ely kid 10 | 








Dual-Current Source 
Ramp Generator 


Current- 
controlled + insralring Ramp Clamp 
Oscillator Slecror Current 


Temperature 
Compensating 


Detector 
€ Temperature 
Compensated Temperature 
Compensated 


Zener 





2 | 
ct 
= 
S 
© 


Ramp Clamp o> | 


E, Clamp 
C OSC 


Fig. 3.1 Functional Block Diagram of RCO Chip 
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c) Temperature compensated zener clamping diodes. 

d) Amplifier saturation detector — f > f,,;,. 

e) Oscillator voltage-to-current Converter and Threshold Comparator. 
f) Ramp generator current sources. 


. Temperature Compensating Bias Source 

The most important of the minor circuits is the temperature compensating voltage 
source whose output appears on pin 16. This source is used to generate two bias currents, 
set by means of external resistors, which provide adjustments of the ramp time, and the 
minimum output frequency, F- This source has a temperature coefficient equal but oppo- 
site to the temperature coefficients of a transistor base-emitter junction, about +2mV/°C. 


. Temperature Compensated Voltage Source 

The second minor circuit is a temperature compensated zener diode connected between 
Veg and pin 1. This diode has a voltage of about 7.2V + 5%. It is used to generate a stable 
value for E1 (pin 3) when the module is used as a ramper. This diode need not be used if 
frequency stability is not required or, if V,, is well regulated. The value of E1 to ground 
is not as important as the value of (V,,— E1), hence the zener is between V,,. and pin 1. 
This allows the generation of a stable voltage relative to V,,. 


. Compensated Ramp Clamp 

The third minor circuit is a temperature compensated zener diode connected to ground. 
It also has a rating of 7.2V +5%. This diode is associated with circuitry to detect when 
the diode is conducting current. The usual use for this circuit is to clamp the input of the 
ramp capacitor voltage, pin 11, when the module is being used as a frequency source, and 
not under control of the Ramp Control Module. 

This clamp serves two functions. First, it sets a stable upper limit to F,, when ramping 
(or other voltage control on pin 11). Second, it provides an output on pin 7 when the 
zener is conducting. This implies that f is equal to F,.,, because the input at pin 11 is 
clamped at a value limited by the zener diode. 


. Amplifier Saturation Detection 


This circuit examines the condition of the V-to-! amplifier in the Oscillator section. If 
the V-to-I amplifier is in saturation, it is only because the bias current from an external 
adjustment for Fy (pin 17) is higher than the current required by the conversion of the 
ramp voltage on pin 11. If this is the case, then f,,,; is less than F,. At this point, pin 10 
is driven to ground. The threshold is not sharp, however. Thus, the open collector output 
is not accurate for load currents in excess of 3ya. 


. Oscillator Operation 


The oscillator section consists of a voltage-to-current converter which produces a bi- 
polar current proportional to the voltage on pin 11, E2 (Ramp Capacitor), the high impe- 
dance input of the V-to-! converter. Under the control of the threshold comparator, this 
current causes the external oscillator capacitor to charge or discharge linearly. Increasing 
E2 increases the current which increases the operating frequency. 

The switching threshold of the comparator is established by applying a voltage, E1, at 
pin 3. By varying E1, the frequency changes; increasing E1 increases F. Thus, the out- 
put frequency can be controlled by either E1, a low impedance port (20-40K ohms), or 
by E2, a high impedance port (several megohms). The impedance level at E2, pin 11, was 
made high so that it could be driven from the ramp capacitor. In ramping operations, the 
external ramping current sources are connected internally to pin 11. For non-ramping 
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V-to-F conversions, pin 12, Ramp Control, must be allowed to float, disabling the ramp 
current sources. Otherwise, the ramp current sources may introduce undesirable effects if 
E2 is not driven from a low impedance voltage source. 

Independent adjustments for F., and Fi, can be made easily. The temperature 
compensating voltage source on pin 16 is available to supply a small bias current to pin 17. 
This current limits the minimum value of the oscillator current when E2 approaches 
ground, Figure 3.3 shows the value of the ratio of F, to F, versus resistance between 
pins 16 and 17. 

The maximum frequency is adjusted by varying the value of E1 (pin 3). The compara- 
tor thresholds are related to the difference between V,,, and E1. For this reason, the data 
in Figure 3.4 and 3.5 are given in terms of V,,-E1. Thus, by adjusting E1 when E2 is at 
its maximum desired operating point, F_, can be set independently of F,. 

Figures 3.4 and 3.5 show the frequency relationship between E1 and E2 for linear 
V-F conversions. Figure 3.6 shows the output frequency as a parabolic function of V,.. 
These relationships hold for a wide range of capacitors (several decades) as long as the 
capacitor leakage is low ($0.14) and the output frequency is less than 200 KHz. 

The output of the oscillator is an open collector transistor, driven by the threshold 
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Fig. 3.5 Oscillator Frequency Range 
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comparator. Thus, with a resistive termination to Vee: the output is a square wave at the 
operating frequency, with a duty cycle very close to 50%. The transistor is capable of 
sinking two to four T?L loads, depending on the value of Veco: and has a voltage rating of 
20v minimum. 

As noted previously, increasing either E1 or E2 increases the output frequency of the 
oscillator. Accordingly, if both E1 and E2 are driven from the same voltage source, F, the 
output frequency is almost a square law function of the input voltage (F=kV?). Further, 
the range of the oscillator is very wide, more than 4 decades of frequency. 


G. Ramp Generator 
The ramp generator consists of two equal 
but opposite switched current sources. One 
source charges the external Ramp Capacitor 
toward V,,, the other discharges it. The current 
sources are controlled by the voltage on the 
Ramp Control input, pin 12. This input accepts 
tri-state logic states. Applying Vee to pin 12 
causes the ramp voltage on pin 11 to increase 
toward V,,. A ground voltage on pin 12 causes 
the ramp voltage to decrease toward ground. 
When pin 12 is floating, both current generators 
are switched off, allowing pin 11 to be used as 
an input to the VCO, or allowing the ramp capac- 
itor voltage to remain fixed. In the floating con- 
figuration, the leakage currents are less than 1% 
of normal ramp currents. In most buffered ramp- 
ing applications dealing with pulse trains of par- 
ticular length, it is important that the Up-Ramp 
be symmetrical to the Down-Ramp, to avoid 
counting out the main accumulator at F, or end- 
ing at a frequency higher than F,: The ramp gen- 
erator current sources can be balanced by insert- 
ing a balance potentiometer between pins 13 and 
14. The pot can be omitted, and pins 13 and 14 
grounded directly if desired. The slope of the 
ramp is determined by the Ramp Capacitor and 
by the current injected into pin 15, Ramp Adjust. 
The actual ramp time depends on the slope and 
the value of E2 selected. The choice of E2 is arbi- 
trary. The ramp capacitor should be selected so 
that the resulting E2 is between 0.1 Vee and 0.9 
Voge Figure 3.8 shows the duration of 0 to 7.2 volt 
ramp as a function of the resistance between pins 
= 15 and 16. The ramp time is closely proportional 
"till ited eles Wianciiate team te to C over several orders of magnitude. It is also 
closely proportional to magnitude of the ramp 


Fig. 3.8 Ramp Time (t) vs. Resistance voltage, referred to ground. 
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Voc 


4g 


Bias 
Resistor 
50K 
1 Meg. 
Fawn Adjust. 
Voc 





Four = fan + KVin 


*Optional capacitor required 
only in very high noise 
environments. 


Vex 







Bias 
Resistor 
220k 


1 Meg 
F.,., Adjust. 


*Optional capaciior required only in 
very high noise environments. 


Fig. 3.9 Wide Range VCO with Parabolic Transfer Characteristics 
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H. Choice of Operating Point 

There is a large degree of flexibility in the choice of operating points of the RCO cir- 
cuits. 

The ramp capacitor can be determined from Fig. 3.8. Assume arbitrarily that the bias 
resistor between pins 15 and 16 is 680K ohm, and that the ramp signal swings between 
zero and 7.2 volts, 60% to 70% of the power supply. Accordingly, the capacitor required 
can be determined. The exact ramp value can be adjusted by varying the bias resistor; how- 
ever, in a Buffered Ramper or other Phase Locked Loop (PLL) application, variations of 
more than 10% in the bias resistors may seriously degrade the loop response dynamics and 
should be avoided. 

The choice of threshold voltage is also arbitrary. A value of 3 volts less than the supply 
voltage, more or less, is a reasonable choice. Therefore, by way of example, in Fig. 3.5, a 
line AA is drawn from E2 equal to 7.2 volts which intersects the locus of V,.- E1=3 at 
point QO. Extending a horizontal line to the frequency axis indicates that the operating 
frequency for F_, with an 0.01 uf capacitor will be about 3000 Hz. As indicated in Fig. 
3.4, the operating frequency is inversely proportional to the oscillator capacitance, C,.,; 
therefore, the capacitor can be calculated for the desired operating point. Fine adjustment 
can be made by varying the threshold voltage, E1, on pin 3. 

Therefore, to recap the procedure, the following comments apply: 

1. Arbitrarily, pick ramp voltage E2 to swing between zero and 7.2 volts (10-15 volt 

power supply). 

2. Pick C,..,, from Fig. 3.8, using 680K bias resistor. A fine adjustment of +10% 

can be had by varying the bias resistor. Too much variation can upset loop dynamics. 
i 3. Calculate Coen from Figures 3.4 or 3.5 by using E1=V,,- 3 (arbitrary) and E2=7.2 
volts. Adjust frequency by varying E1. This does not grossly effect loop dynamics. 
4. Increasing E1 or E2 ~aises F,. Decreasing C,.,. raises F,,. 

Set F, by adjusting the bias resistor between pins 16 and 17, as indicated in Fig. 3.3. 
6. Select the “damping” resistor in series with Cramp as shown in Fig. 2.5 to provide 
the dynamic response required when the loop locks. A value between 3K ohms 

and 5K ohms is a good “First Try” value. 


|. Stability of Phase Locked Loops 

The PLL, created when the RCO and RCL circuits are used as a buffered ramper, con- 
stitute a servomechanism with a second order response. 

Therefore, the transient response at the moment of capture can range from under- 
damped, characterized by large over-shoots and oscillatory decay, to a steady-state condi- 
tion, to an over-damped response, slow but stable. 

As shown in Figure 2.5, a resistor, Ry, is added in series with the ramp capacitor, con- 
nected to pin 11 of the RCO IC. This resistor value can be adjusted to provide the tran- 
sient response required from the phase locked loop. In general, the smaller the resistor 
value, the more the output frequency over-shoot will be, and the wider and faster the cap- 
ture range will be. ; 

The choice of location of the resistor is based on the following: The VCO in the RCO 
circuit and the phase detector in the RCL circuit are easily recognized as elements of a 
conventional PLL. However, the ramp generator current sources and the ramp capacitor 

G of the RCO perform the same function as the usual phase detector output filter. One 
form of the usual filter, driven from a voltage source, is: 





o 
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The RCO circuit produces an equivalent filtering action, where |, is an increasing function 
of the phase error. 

As noted before, a value for Ry ranges between 1K ohms and 10K ohms for most step- 
ping motor requirements. The value is not particularly critical in most applications. This 
value is affected by the choice of the ramp bias resistor, since the bias resistor affects the 
loop gain by changing the current per radian of error angle. It is also affected by the ramp 
capacitor value. | 

An analysis of phase locked loops is beyond the scope of this bulletin; however, an 
excellent analysis of PLL’s is given in: 


Phaselock Techniques 

Floyd M. Gardner 

John Wiley & Sons, Inc. 

New York, NY 

1966 

Library of Congress 66-22837 


The only note of caution is that the phase detector output of the RCO chip is a current 
linearly proportional to the phase error, determined by the bias resistor between pins 16 
and 15 of the RCO circuit. Obviously, adding a resistor in series with a current source (Ry) 
is not a change in loop dynamics; the whole loop analysis must be considered from the 
point of view of current sources, rather than voltage sources. None the less, the same 
philosophy applies to damping, response and capture bandwith. 


Description of Input and Output Connections 
Input Connections Pin No. Description 


C-OSC 2 Basic frequency — determining element at oscillator sec- 
tion. Capacitor should be low-loss and temperature stable. 
See Figs. 3.4 and 3.5 jor values. 


E1-VCO 3 Sets thresholds of oscillator comparator. Increasing E1 
increases frequency output. Normally used to set F_, when 
E2 is close to maximum desired operating point. Can be 
used as input for linear or parabolic V-to-F Conversions. The 
voltage between this point and Voc is the value of interest 
for accurate prediction of output frequency. 


I-bias 4 Sets bias currents for oscillator circuits. Normally connected 
to V,, through a 220K resistor. 


R-OSC 5 Sets currents for oscillator capacitor charging circuits. Nor- 
mally connected to GND and by-passed with a small capac- 
itor. Stable value of 100K is adequate for most systems. 


Ramp Clamp 8 Zener diode to GND: normally connected to Ramp Capac- 
itor input (pin 11), when module is used as ramper. Not 
used for externally controlled ramp, or when VCO is used 
for V-to-F conversions. 
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Input Connections Pin No. 


C-Ramp 


Up/Down 


Ramp Offset 


Ramp Adj. 


Ref. 


F, Adj. 


E1-Clamp 


OSC-OUT 


F 


out 


max 


fr 


out> *y 


min 


11 


12 


13 & 14 


15 


16 


17 


10 


Description 

Voltage to frequency input, E2, connection for Ramp Ca- 
pacitors. Capacitor should be low loss and stable. This input 
(as is E1-VCO) is a voltage input to the VCO. 

When not used for ramping, this high impedance input 
can be used for V-to-F conversions. An input here, or on 
E1 produces linear V-to-F conversion. If this pin and E1- 
VCO are connected, the conversion is parabolic and has an 
extremely wide range of control. 


Ramp Control input. Voc level causes the ramp capacitor 
voltage to increase toward Voc: GND level causes ramp to 
decrease toward zero volts. No input causes the ramp capac- 
itor charging current source to go to zero. This allows the 
Capacitor voltage to remain unchanged (within the effects 
of leakage currents). For non-ramping V-to-F conversions, 
this point is not connected, disabling the current sources 
driving this point. 


Terminals to which a potentiometer is connected to allow 
accurate balancing of the charge and discharge currents at 
the ramp capacitor. This allows the slope of the ramp-up 
and ramp-down to be identical. This terminal is especially 
important in critical ramping applications. May be grounded. 


Varying the current into this point provides adjustment of 
ramp time. 


A temperature-compensating voltage source, with a TC of 
about —2 mV/°C. Used to develop adjustment currents for 
Ramp Adj. and F, Adj. 


Varying the current into this point adjusts the F frequency 
when the C-Ramp voltage, E2, is close to ground potential. 


A temperature compensated Zener diode connected to Voc: 
Allows generation of a stable E1 voltage when Voc is not 
regulated. Used in critical ramping applications. See Fig. 
3.7. Can also be used to generate stable E1 voltages for 


V-to-F conversions. 


Open-drain oscillator output. Will sink 2 mA to GND. Re- 
quires external pull-up load. 


A very high impedance current sink which operates only 
when the ramp clamp function is used. Produces active ON 
state when Ramp-Clamp draws current; i.e., when ramp 
reaches upper limit and Fouts Fm: Will not develop a sharp 
threshold for currents more than 15ya, although the sink 


capability is in excess of 1 mA. 


A very high impedance current sink which can be used for 
monitoring functions. Produces active ON state when Fout 
is higher than the Fin Value. Output will sink 3ua and still 
provide sharp thresholds. 
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IV. DIGITAL MOTOR LOGIC CIRCUIT DML: SIGMA PART NO. 29G041 

A. General Description 

The DML Digital Motor Logic IC is a CMOS MSI circuit designed to accept an 
input pulse train and decode it to a selectable, parallel output, stepping motor phase 
excitation format. The functional block diagram is shown in Fig. 4.1. The circuitry is 
housed in an 18-pin ceramic dual in-line package (Fig. 4.2). It operates from a single 
positive 8-to-15 volt power supply. Input lines are diode protected and internally ter- 
minated with pull-up current sources. The phase sequence outputs are open drain active 
circuits, rated at 10 mA for 12-volt systems, for maximum noise immunity and system 
performance, The circuit elements are CMOS gates and as such should be handled with 
the usual precautions and care reserved for CMOS circuits. 
1.. Pre-programmed Functions 

The input and output data formats are pre-programmed to provide the follow- 
ing selectable functions: 


Phase outputs — Three-phase. 
Two-phase (also known as ‘’four-phase’’) 


Wave Drive 
Overlapping (also known as “‘two-phase’’) 
Full Step 
Half Step 
3 o-3 @-2 and o-4 o-3 @-2 
Voo Monitor Clear or 4¢ Disable 4 Disable Output Output Output 














input Data Half Step or 
Contro! Mode Full Step 
Selection Logic Logic Z 


Fi | 4 | 
Direction Pulse Half Step 

or CW or CCW | or Full Step 
Input Input 













Control 
Mode 
Select 


o-1 Damping 
Disable Pulse Input 











Fig. 4.1 Functional Block Diagram of DML Chip 

coe a 

Pin No. 1 ident. Pe 

a | 
.040 Typ. —=| |=— 

+ 320 = | 
130 , 
.009 — 





015 


ail 305 = o25—ell-—| | lors — 


.125 Min. 


el 





.100 Typ. 


Fig. 4.2 Mechanical Outline Drawing for DML Chip 
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Input Data — Independent CW and CCW pulse trains. 





The following inputs or outputs are available for system flexibility: 


Independent phase disable lines inputs 


Reverse pulse damping input. 


B. Detail Description 

The DML Digital Stepping Motor Logic IC is a general purpose MSI circuit designed 
to generate a set of low-power waveforms required to drive stepping motors. In addi- 
tion, either of the two most common input data formats can be accepted. 

Actual input motion data are received on two input lines. Output motion data are 
supplied on four output lines. The input data can be two independent but mutually 
exclusive pulse trains: one for CW motion and the other for CCW motion. An alterna- 
tive input data format consists of a single pulse train, and a line carrying the direc- 
tional information as a logic O or 1. The choice between these two formats is selectable 
as described in the following section, ‘Description of Input and Output Conditions”. 
The output data can be selected to provide either two-phase or three-phase sequences. 
The term “two-phase” also includes the option for the sequence known as “‘four- 
phase”. Technically, the four-phase sequence is a set of excitation sequences for a 
motor with two-phase, center tapped wind See Truth Table One and Fig. 4.1 for 
the connections to produce this drive sequence. In addition to the conventional input 
and output connections, three inputs are available to disable the phase outputs. These 

€ can be used for a number of special purposes. These include: 
|. Reduction of stand-by motor power. 

a. Disable one phase (one or two phase-disable lines) 

b. Disable all phases (all three phase-disable lines) 

2. Specialized damping 

a. Reverse pulse damping input, DP 

b. Phase output disable inputs. 

3. Cross-over protection (phase disable lines can be used to prevent line-to-line short 
circuits caused by transistor storage delays on full bridge drivers). 


C. Description of Input and Output Functions 
In the interest of circuit simplicity, especially when using open collector input 
sources, all input lines are terminated internally with MOS pull-up current sources. 
These sources are generally sufficient to properly terminate an unused input line re- 
quiring a logic 1 input.However, in those applications where unusually high noise may 
be encountered, termination of these lines to Vy, may result in higher noise immunity. 


Input Functions Pin No. Description 


2-phase or 15 Logic O selects a 2-phase (also known as 4-phase) output 
3-phase sequence. Logic 1 selects for 3-phase output sequence. See 
Truth Table One for output sequences. 


Wave or 2-phase 5 Logic O selects wave drive; i.e., only one output energized 


per state. WOgiGWRsclestsmiayihase’’ (or “overlapping”’), 


G two outputs energized per state. See Truth Table One 
for output sequences. . 
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Input Functions 


Full Step or 
Half Step 


Control Mode 
Select 


Direction or 
CW Input 


Pulse Train on 
CCW Input 


Clear 


OD1 


OD2 


OD3 


Pin No, 


16 


13 


14 


Description 


Logic 0 selects full step drive; i.e., continuous sequences 
in either wave drive or 2-phase drive. Logic 1 selects half- 


step drive which is a pattern which alternates successively 
between wave and 2-phase drive which results in a motor 
step which is one-half the size of that produced by either 


sos haat dae hc delice ps mele ial pt ew te Ne Mt et 
wave or overlapping drive. See Truth Table Two for out- 


put sequences. Selection of half-step overrides the selec- 
tion of wave drive or 2-phase drive. 


This input selects between two forms of input data and 
modifies the function of data appearing on pins 2 and 3. 
A logic on this input conditions the input data logic to 
accept an input pulse train on either pin 2 for CW motion 
or on pin 3 for CCW motion. A logic @on pin 1 condi- 
tions the circuitry to accept a pulse train on pin 3 and a 


direction command equine 
on pin 2. See Truth Table Three for input functions. 


If pin 1 is a logic O, a pulse train on this pin will produce 
a CW rotational pattern on the output. The phase out- 
puts will change on the transition from high to ‘ow of 
the input pulse train. If pin 1 is a logic 1, pin 2 accepts 
directional input data: 1=CW; O=CCW. See Truth Table 
Three for description of states. See Fig. 4.3 for timing 
requirements. 


If pin 1 is a logic 0, a pulse train on this pin will produce 
a CCW rotational pattern on the output. The phase out- 
puts will change on the transition from high to low of 
the input pulse train. If pin 1 is a logic 1, pin 3 also ac- 
cepts an input pulse train; however, the direction is con- 
trolled by the signal on pin 2. The outputs change in 
response to the transition of the pulse train from high to 
low. See Truth Table Three. 


A logic 0 on this pin resets the logic so that a logic 1 
appears on phase 1 output for wave drive, or on phases 
1 and 2 for 2-phase drive. See Truth Tables One and 
Two. This input can be used to provide an automatic re- 
set during initial power on by connecting a capacitor 
between this pin and GND. 


A logic 1 on this pin unconditionally forces a logic 0 on 
the phase 1 output. 


A logic 1 on this pin unconditionally forces a logic 0 on 
phase 2 and phase 4 outputs. 


A logic 1 on this pin unconditionally forces a logic 0 on 
the phase 3 output. 
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Input Functions 
DP 


Pulse Line s 





Pin No. 
7 


Direction Data 
May Be Entered ———4 Minimum Set-Up Time: 


Description 


A logic 1 on this pin unconditionally causes the phase 
outputs to assume the output states present just prior to 


the last clock pulse. The effect_is to cause the motor to 
reverse one step. It is intended to be used for reverse 


pulse damping. 
———oawr 


During This Time | 500nS for Vo5 = 5V 


i 200nS for Vop = 15V 
Vin — 3 





Direction Line 


Vin 


eee Time = 
| 


Fig. 4.3 Logic Module Direction Line Timing Requirements 


Output Functions Pin No. Description 


MON 


01 


92 


93 


04 


17 


10 


11 


12 


This output is a logic 1 whenever the phase 1 output is a 
logic 1 wave drive, or when phases 1 and 2 are both at 
logic in 2-phase drive. This corresponds to the Initial 
Reset condition. 


Phase 1 output: See Truth Tables One and Two for se- 
quences. The output transistor is conducting during a 
logic O output. A pull-up resistor must be provided. 


Phase 2 output: See Truth Tables One and Two for se- 
quences. The output transistor is conducting during a 
logic 0 output. A pull-up resistor must be provided. 


Phase Three output: See Truth Tables One and Two for 
sequences. The output transistor is conducting during a 
logic O output. A pull-up resistor must be provided. 


Phase Four output: See Truth Tables One and Two for 
sequences. The output transistor is conducting during a 
logic 0 output. A pull-up resistor must be provided. 
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Pini=O Pin4=0 Pin7=0 


TRUTH TABLE ONE 
FULL STEP OUTPUT STATES 
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PIN; =O 
(pulse train and direction lines) 


PIN1=4 


(cw pulse train and ccw pulse train) 


TRUTH TABLE THREE 
INPUT DATA MODES 


Function 


PIN 2 


Direction input 

1=cw 

0 = ccw 

See figure 14 for timing 
requirements relative to pulse train. 


Pulse train causes cw rotation, 
change occurs on high-to-low transition. 
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PIN 3 


Pulse train input 
Pattern changes on 
high-to-low transition. 


Pulse train causes ccw rotation, 


change occurs on high-to-low transition. 
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TECHNICAL DATA—RATINGS AND CHARACTERISTICS 



































Maximum Storage temperature range —40 to +125°C Phase output current sink capability 50mA 
Ratings Operating temperature range Oto+ 85°C Total package power dissipation* 400mW 
Supply voltage Vopp to GND 16.5V + derate at 100°C/watt to max junction temperature of 125°C 
; Characteristic Nominal — Min Max. Units MS. ae 
—— Vpp range 12 5 15 V + 10% 
at eC Input voltage 0 to 0.2Vpp to —0.5V to v 
range Vop 0.8Vpp Vop +0.5V 
Pulse freq. DC 200 KHz KHz 
Pulse width 2.5 None ites) 
Reset pulse width 5 None _ us 
Damping P.W. 5 None us Motor + Sys. Dependent 
Phase Dis. P.W. 5 None pS Motor + Sys. Dependent 
Damping pulse delay 50 us 
Phase Dis. delay 50 uS 
Pulse input rise None 10 nS 
Direction input Vop = 5V 500 None us 
Set-up time Vop = 15V 200 None us sini dieceiiali 
, Characteristic Vop Min Nom Max Units rs 
Static. Static Device 5V All-inputs 4 5 Built-in 
Electrical Supply Current 10V Logic 0 10 15 mA pull-up 
Conditions 15V (GND) 20 ~——s 30 ___ loads 
at 25°C Logic input 5V All inputs 4 6 
current 10V logic O 1.1 1.6 pA 
15V (GND) 2.0 2.5 » : 
Logic input All inputs +100 nA 
current logic Vop - 
Phase output Logic 1 20 35 V 
voltage rating out ia ae ae 
Phase output Vs=20V 10 pA 
leakage current 2 e 
Phase output 5V 5 
current sink 10V Vsat= 10 mA 
capability = 15V 1.0V 15 os Z ‘ 
MON. output 5V 0.40 
current sink 10V Vo=0.5V 0.81 mA 
Ou capability 15V 1.2 aw aie et 
MON. output 5V 0.5 
current source 10V Vo=VOD 1.0 mA 
capability 15V —{.D. 4.6 


Oo mmm sm steel 
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D. Operational Circuits 

The DML IC is designed to provide logic level signals to a wide variety of phase 
winding drivers. Figures 4.4 through 4.8 show only a few of the possibilities possible. 
Figures 4.4 and 4.5 show simple two-phase and three-phase drivers. For more complex 
system requirements, two special inputs are available. A special input line is provided 
to generate the output conditions for reverse pulse damping. This damping scheme is 
used to improve the transient response of a stepping motor system. In a typical sys- 
tem, Fig. 4.8, a pulse of duration Tp, is applied to the DP input after a time delay of 
T;. This, in effect, energizes the motor in such a way as to attempt to cause the motor 
rotor to rotate backward at the end of T;, thus removing excess kinetic energy from 
the rotor and load during interval Tp. By proper choice of Ty and 15, the motor can 
be almost critically damped on the last step of a pulse train, or on every step if the 
input frequency is low enough. 

A special output monitor line is provided, the MON line. This line can be used for 
checking or test purposes. MON goes to a logic 1 whenever phases 1 and 2 return to 
the logic condition generated by the initial reset. See Truth Tables One and Two. For 
example, it can be used to determine if an input pulse sequence has completed 4xN 
steps since the initial reset for two-phase motor. that is, the MON line goes to a logic y 


1 state every fourth pulse after a reset. j 


a Direction : o. 
i a 

| | 
Ip----5 | 
| ! Pulse Train j-- 





Fig. 4.4 Connections for Two-Phase, Full Step Driver with Two Windings Energized 
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Fig. 4.5 Connections for Three Phase, Full Step Drive with Over-Lapping Phase Currents 
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Load Sink Current 
Milliamperes 





Fig. 4.6 Maximum Phase Output Saturation Voltage 
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Ext. Phase Drivers 


Direction 
Input 
. Full Bridge ==) Motor 
Driver = Phase 2 
Pulse 
Input : 


\V 








Full Bri 
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i 
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Pre-Drivers 






Protection 


Fig. 4.7 Full Bridge, Current-Regulated Driver 


Phase Drivers 






Mode 
Selector 












Direction Data — a 
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input = ® 
Input V Motor 
29 
Damp Pulse 
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Damping 
Pulse Input 
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Fig. 4.8 Connection for Two-Phase, Full-Step Drive with Optional Reverse Pulse Damping 
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The Sigma Stepping Motor Control Chip Set consists of three separate MSIL integrated circuits which 
may-be Uséd in a variety of ways to provide low-power Sie [aelecmielm iel-m ere lalccelmeiar-(eree]-14re]ane)@-34-19) olin masten co) 
drive systems: The sét.is designed specifically to provide a Compact hardware alternative to those rejahice) 
functions which require extensive software to duplicate. Further, aplessismatinieclelacm daleamelecciame-e elle 
adjustment, frequency and ramp slope, are ols) ai@ldnilsie Migmcal=eelar-liere melelisr-Uam cent eiiie-t¢-m-lejfe\-deasl aah without 
c=) 0lcele[eclialasiiales 


sas l= Melallelsicicenovelarjeationtciemerciinle mele slo) -1e- (alee On Oronoco lig melurs ae moles iiatet-laeclare melleihecu 
fechniaues. The chip set is designed to operate from a single 8-to-15 volt power supply. The input signals 
are typical logic levels, whereas most oufput signals are open-drain active Circuits for maximum noise 
immunity 


Functionally, two chips, the RCO and RCL chips, form a~buffered ramper which provides a variabie 
frequency pulsé train to control the acceleration oj PaGleleliaie manlecelmicelise-@ib<oiemac-ie el-isiey mele igs of pulses. 
Pulses “put aside” during acceleration are” put back” during deceleration. Thus, smooth motér response is 
assured while the number of pulses is preserved. 


IE i-isYole-lrein(-tadai-m «| AOE 70) ie-le\-merelerece)ii-emes-joilii-hcolm-taleme-Uit) Omel-1al-1e- tee] mer 1a elomUtj-1e Mints ealeistiel-1m@e), 
ways to generate fixed or variable frequency pulse trains, Teteilbreliaremectanl evstemad-ielUl-laie) mitg-Uiatereles e118 
revel shige) m=) 0) e)iier-talelary 


gave i slize Well cel¥li@ards\-m BlY/] Meiall ole \orex-) elem Belli i-mee- lige Lele me(-seiele(-1-Miate, allcommonly used Stepping 
motor excitation formats: 2-3-4 phase, half-step, full-step - and iUintst=) me) colle (<M) el=.elt- Ur 4=1e ee t-tael slinle 


|= schemes as well. This chip alone is the heart of a motor power olaiisie 





Ramp Control Logic (RCL) Chip* (Order Part No. 29G01) 











The Ramp Control Logic Chip is normally used in conjunction motor driver. The two chips, the RCL Ramp Control Chip and 
with the RCO chip. The two chips provide a method of the RCO Ramp Control Oscillator form a “Buffered Ramper”. 
providing a variable frequency pulse train to control the A buffered ramper accepts a constant high frequency puise 
acceleration and deceleration of a stepping motor froma train and delivers a variable frequency output with preset 
eS Te OS eo, output of these chips can eration and deceleration profiles. 
drive the otor Logic Chip or most any other stepping ee P| 
——- P 
Figure 1 — Functional Block Diagram of RCL Module ; ) 
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Figure 2 - Mechanical Outline Drawing for RCL Chip enaitenei 
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Buttered, 
Ramped Output 
Pulse Train to 
DML-100 or 
other driver 
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Balance Direction Line 
to DML-100 or 
= 7.5K other driver 
Figure 3 Ramp 
. : Control 
Connection Diagram Capacitor wilted Renet 
to DML-100 
for Buffered Ramper = poco a 
VCO Puise Train | 
Enable Dunng “Busy” ee ee 
SUV. WV PVTS ——— Fixed Frequency Input Pulse Train 
Direction Line 
: 
Technical Data and Ratings Storage Temperature Range ~—40 to +125°C Supply Voltage V5, to GND ~—-: 16.5V 
| Maximum Ratings Operating Temperature Range 0 to +85°C Package Power Dissipation 400mw 
, 4) “Characteristic Nominal = Min. Max. "Units Pas  _ 
Operating Me tT ee ys  ~* eee  eee 
Conditions Vop = 10V 0.5 Built-in pull-up loads 
at 25°C ‘Supply Current = Vpp = 15V— mA _sLogicinputsatGND 
Input signal 0 to 0.2Vpp to — 0.5V to 
Voltage Range Voo _ ba Ad 2 — 
input Pulse Train Fin set to freq. equivalent to | 
[| a See ee 30 ____—~KHz__ to max. desired speed of motor. _ 
Pulse width , Perse _ —— 
SSS See ae Se 
| ae. Seer pak ——a _¥ 
| Freq. Re-Sync OSC 750 600 1000 KHz Depends on Ext. R-C value | 
En pee nen eer ee ee 
| Characteristic Voo Conditions —s_ ‘Min. Nominal Max. _—sUnits: Pins =—s sj 
Static Logic input 10 Inputs at 10 pA Fin 
Electrical Current 15 LogicO(GND) ee | Ser eee.” 
“ Conditions Logic input 10 Inputs at 0.16 0.3 mA Fyco 
at 25°C Cook... 1H op GND) OS OCC ee 
Logic input 10 Inputs at 8 15 pA C | 
Coat %%  togcOGn 6 WS 2 eee | 
Logic input Inputs at 10pA pA Fin, Fvco 
‘Cavem. . BOE Te) * eae ae se _etc, 
Buffered 
Logic output 10 Vsat =0.5Y 10 mA Comp Out | 
Current Sinkrating 915 2! Pe ee a Four, Ro etc. 
Open Drain 
Busy output 10 Output Logic 0 1.0 mA 
Current Sink 15  Vsear= 0.5" 1.5 Toes ; _ 
, Open Drain Output at Logic } 10 uA Vs = 20V Max. | 
— Busy Voltage Rating  —-_-Vs = 20" ce : _. = 
Buffered | 
. Logic output 10 Vout = Veo — 1% 1.0 mA 
| CurrentSource 5 at Gu | - 
| . 
3 
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Ramp Control Oscillator (RCO) Chip (Order Part No. 29G21) 


This linear bi-polar chip contains a precision Voltage 
Controlled Oscillator for V-to-F conversions, as well as highly 
Stable, precision current sources for charging an external 
capacitor to generate stable s metrical voltage ramps. 

ese voltage Te : ed frequen 
Outputs from the VCO section. This chip can be used ina 
number of ways in conjunction with stepping motors: 
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Figure 4 - Functional Block Diagram of RCO Chip 
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Figure 5 — Mechanical Outline Drawing for RCO Chip. 









Ramp Clamp 


Detector 


Temperature 
Compensated 


1. Phase-locked loop buffered ramper when used with 

the RCL chip. 

Fixed or variable frequen 

control 

3. Ramped frequency source for speed control external 
control logic. 

4. Parabolic response V-to-F converter (F = KV?) 

for wide range frequency control. 


2. source for simple speed | ) 
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E2 —- Ramp Capacitor Voltage (Pin 11) - VDC 


Figure 6 
Oscillator Frequency Range 







High Limit Output Frequency - Hz 


‘E2- Remp ciiadina Voltage (Pin 11)-VDC 
Figure 7 ") 
Oscillator Froquency Range 


Ramp Time (t) vs. Resistance 


7.2V 
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: 100K 200K 470K 1 Meg 
Resistance (Ohms) Betwoen Pins 15 and 16 
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Fin Adjust. 
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x : E | 
*Optional capacitor required i Vin 
only in very high noise 
environments. ¢ ~ j 


Figure 9 - Wide Range VCO with Linear Transfer Characteristics _ 
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- as (See Fig. 11) 
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Digital Motor Logic (DML) Chips (Order Part No. 29G41) 


This CMOS logic ii, Bove a a pulse train input and 
decodes it into a selectable, parallel output stepping motor 
e Chip is the heart of a motor 
driver, generating the output states required at logic power 


levels. Sufficient flexibility is present in the chip to fit most 
data input and output formats. The input can be either dual 


pulse trains, CW or CCW, Jor a pulse line and a direction line. f 
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Figure 11 


Functional 
Block Diagram 
of DML Chip 


Lay CLI 


Control Direction Puise Half Step 
Mode or CW or CCW oor Full Step 
Select input input 





Input Data Half Step or 
Control Mode Full Step 
Selection Logic Logic 


Wave @-1 
or 20 


The phase outputs can be two, three, or four phase in either 
the full step or half-step sequences. In addition, the outputs 
can be in wave or over-lapping sequences. 


Further, the phase outputs can be selectively disabled for / 


either standby power reduction or damping. There isa 
separate connection for a Reverse Pulse Damping input. 


o-3 @-2 and o-4 o-3 o- 
Disabie 


2 
04 Disable Output Output Output 


KE) ee EE) Eee 
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Damping @-1 
Pulse Input 


Disable 





Figure 12 - Mechanical Outline Drawing for 


weer pe: 








DML Chip and RCO Chip 7 
Pin No. 1 ident. t 
250 
5 aan 
300 .040 Typ. —> —_- 
5 320 g ne + 
130 
009 it 
015 “i 
ae 325 = 025—e||+— a a og sn 
o—_ .100 Typ. 
Figure 13 ae 


Connection for Two-Phase, 
Full-Step Drive with 
Optional Reverse Pulse Damping 
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TRUTH TABLE ONE 


> FULL STEP OUTPUT STATES 
Pini=O Pin4d=O Pin7=O0 Pins6,13,14=0 
| Pin5 =0 Pin 5 =1 
c/r 3¢/4@ Dir/cw Pulse/ccw | $4 $3 $2 $1 64 3 2 1 | MON. 


O 7 xX X os @& g@ 4 ee @¢@ 4 I l 
Three Phase States 


I I I ! o 8 ft © oO i! i @ O 
I I I | oe tt © @ Go t © | O 
I I I | oe 2 @ | o & I I I 
I I O | Oo || O 9O  t& & 4 O 
I I O ! ae Oo 1 © oO |! I oO O 
I I O ! oe © 2 «4 Oo oO |! I I 
Two Phase States 
I O ] ! > > 2. ee oO i! | > O 
I O I J Go § & © I . oe O 
I O l | 1 oO O O ri ¢éeo F O 
I O I J >. G@- @- > @& tt 
I O O ! r O@ oO @ . 2 2 Yr O 
I O O ! Se. ts. I i oOo oO O 
I O O } Oo @ It @ Se | ; oO O 
I O O | Go Oo | I oe 8 FF I 
O = Low level | =Highlevel iHigh-to-low transition X = Don't care 


+These states are commonly referred to as two-phase or also as four-phase drive. 
A four-phase motor is a center tapped two-phase motor. 
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TRUTH TABLE TWO 
HALF STEP OUTPUT STATES 


Pini=O Pin4=1 Pin7=O Pin6,13,14=0 Pin5=X 


c/r 36/46 ~=Dir/cw Pulse/ccw $4 ¢3 $2 $1 MON. C/r 34/46 Dir/cw Pulse/cow 94 $3 2 MON. 


oo * Xx _. A -- oes. . 3 ee. “2 Xx xX Ga oe 2 os 


Two Phase States 
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Three Phase States . 


OOOO O00 wt re ce mt erm 
ooo000 CoOooOoOo°o 
Om = OO OOO = 
—-OO000 -O0000 


O = Low level 
| = High-to-low transition 


OCO0COR= On +0000 
OCOO0---00 COOK -00 
O-=-0000 CO000---= 
—-=-OO000— —=-00000+ 
-0000000 =-0000000 


oooo0o000o00 oooo°oo°o°d 


| = High level 
X = Don't care 





TRUTH TABLE THREE 
INPUT DATA MODES } 





Function 
PiIN1 =O PIN 2 PIN 3 
(pulse train and direction lines) - action input Pulse train input 
1 = cw Pattern changes on 
O = ccw high-to-low transition. 


| PIN1=$ 


(cw pulse train and ccw pulse train) 





} - on 
J ba a." ry 
’ 4 oP see 


See figure 14 for timing 
requirements relative to pulse train. 


Pulse train causes cw rotation, 


change occurs on high-to-low transition. 


Pulse train causes ccw rotation, 


change occurs on high-to-low transition. 





Directi_;. Date 
Clock Line ee hey Be Entered —-——-— Minimum Set-Up Time: 
During This Time 500nS for Vop = 5V 


Figure 14 Sel 200nS for Vop = 15V 
Logic Module P oS i 
Direction Line oT — 


Timing Requirements 
waar Set-Up Time ~ 





Direction Line 


I 
Vin 








Technical Data and Ratings 
Maximum Ratings 


Storage temperature range —40 to +125°C Phase output current sink capability 50mA 
Operating temperature range Oto+ 85°C Total package power dissipation* 400mW 
Supply voltage Vpp to GND 16.5V 


+ derate at 100°C/watt to max junction temperature of 125°C 

















































































































Characteristic Nominal Min. Max. Units 
Operating Vop range 12 5 15 Vv + 10% 
Conditions ae 
at 25°C input voltage 0 to 0.2Vpp to —0.5V to V 
ee ee Pr rat 
Pulse freq. | DC 200 KHz KHz 2 
Pulse width 25 ___ None us 
Reset pulse width 5 ___ None nS = 
Damping P.W. ¥ : Ze) 4 ¢ None pS Motor + Sys. Dependent 
Phase Dis. P.W. 5 None _ uS Motor + Sys. Dependent 
Damping pulse delay io __ 50 us > 
Phase Dis. delay i 50 uS : x 7 
Pulse input rise None 10 uS : > 
Direction input Vop = 5V 500 None us ; 
Set-up time Vop=15V. —200 None ea. oe 
rE 
Characteristic Vpp _ Min Nom : Max Units 
Static Static Device 5V All-inputs 4 5 Built 
Electrical Supply Current 10V Logic 0 10 15 mA pull-up 
Conditions 15V (GND) 20 30 loads 
< ee eS Sea. a: 2 a re s . 
at 25°C Logic input 5V All inputs 4 6 
current 10V logic O 1.1 1.6 pA 
ae eee ee ee __ (GND) 20 ee SO be. ee ee re 
Logic input All inputs +100 nA 
current us logic Vop Me — een 
Phase output Logic 1 20 35 V 
voltage rating out = 
Phase output Vs=20V 10 uA 
leakage current 
Phase output 5V 5 
current sink 10V Vsat= 10 mA 
capability 15V 1.0V 15 | : 
MON. output 5V 0.40 | 
current sink 10V Vo=0.5V 0.81 mA 
capability 15V 1.2 
MON. output 5V 0.5 
current source 10V Vo=VOD 1.0 mA 
capability 15V —{.D. 15 
: 
MOTION CONTROL DIVISION wd 
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TEL: (617) 843-5000 TELEX: 94-0645 TWX: 710-348-1161 
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